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Our understanding of the recombination and genetic differentiation of plant pathogen populations has improved considerably over the last decade with the advent of molecular genotyping techniques such as amplified fragment length polymorphism (AFLP) or microsatellites and increasingly sophisticated approaches to data analysis. However, relatively little is known about the population biology of the legume pathogen Aphanomyces euteiches Drechs. A. euteiches is a soilborne pathogen causing Aphanomyces root rot of several legumes, including alfalfa, bean, lentil, and pea (20, 46) . The oomycete genus Aphanomyces is among the smaller and less-studied genera within the family Saprolegniaceae (52, 62) that are most closely related to the golden brown algae (28) . A. euteiches is diploid and homothallic (27) and readily produces oospores in culture or host tissue. Reproduction in the field results from production of oospores and zoospores.
A. euteiches differs in virulence and pathogenicity depending on the legume host. Pfender and Hagedorn (48) proposed two forma specialis designations for isolates pathogenic to snap bean and pea (A. euteiches f. sp. pisi) and isolates that infect bean but not pea (A. euteiches f. sp. phaseoli). More recent work further distinguished isolates that were pathogenic to the host they were isolated from as well as differing combinations of other hosts such as alfalfa; red, berseem, and crimson clovers; white and yellow sweet-clovers; field pea; garden pea; pea and alfalfa; red clover and alfalfa; pea, vetch, and alfalfa; snap bean; lima bean; and faba bean (18, 32, 65) . Reports of isolates of Aphanomyces not specific to any host also exist (32) . Variation in pathogenicity within a host genus also has been documented. Further analysis of pathogenicity of A. euteiches on pea distinguished 11 virulence types using a set of differential pea lines as well as a differential set of pea cultivars (66, 67) . In addition, two races of A. euteiches currently are distinguished on alfalfa (31) . There is also strong support for a genetic basis for pathogenicity phenotype relative to host preference: in a cross of pea and bean pathotypes, this trait has been shown to segregate in F2 progeny (53) . A genetic basis also has been established on the host side where several major and minor quantitative trait loci involved in resistance to A. euteiches have been characterized in Pisum sativum (49, 50) . The picture that emerges from this work is that A. euteiches is a phenotypically heterogeneous species containing different subpopulations with pathogenicity to different hosts or host combinations that has a genetic basis. Thus, a clear understanding of population structure based on genetic marker data would improve the efficacy of breeding programs and deployment of resistance.
Genotypic diversity and population structure also have been investigated, but mostly at the regional scale. Malvick and Percich (33) characterized genetic variation in four populations of A. euteiches sampled in Minnesota, Wisconsin, and Oregon based on random amplified polymorphic DNA (RAPD) analysis. Cluster analysis of genetic similarity among these four populations showed one large cluster containing isolates from all populations. A low level of genotypic variability has been documented for single-zoospore progeny (34) , where RAPD analysis revealed genetic variability within two of three groups of single-zoospore progeny examined (34) . Although populations of A. euteiches show genetic diversity, it appears that genetic differentiation was not found at the regional level (33) or the zoospore progeny level (34) , begging the question of whether populations are differ-entiated at the field level or, quite possibly, at the level of the individual soil sample.
Clonal reproduction and selfing are thought to be a common feature in oomycete plant pathogens. Oomycetes can reproduce clonally through formation of asexual sporangia or chlamydospores. Oomycetes also can reproduce sexually through formation of oospores. In contrast to heterothallic oomycetes that require two mating types for sexual reproduction, homothallic species can produce oospores by selfing (9) . Homothallic species such as A. euteiches self-fertilize; therefore, we would expect them to be highly inbred. A detailed study of the degree of clonality, selfing, or recombination has not been conducted for A. euteiches. Shang et al. postulated that major variability in A. euteiches most likely originates by outcrossing (54) and demonstrated that outcrossing occurs in controlled experiments (53) . Thus, the degree of selfing versus outcrossing remains to be established for A. euteiches.
Our objectives were to assess the degree of genotypic diversity, selfing, and population differentiation in contrasting A. euteiches populations within and among two grower's field. We evaluated two hypotheses. First, we expected that populations of A. euteiches would be clonal at the soil sample or field level, given that it is homothallic and presumably selfing. Second, we expected that populations of A. euteiches would be well differentiated across and within populations sampled in two fields because the organism is soilborne and cannot migrate freely. AFLP analysis was used to characterize genotypic variation.
MATERIALS AND METHODS
Sampling. In all, 8 to 10 soil samples of ≈4 liters of soil per sample were collected from two agricultural fields that had a history of Aphanomyces root rot. Both fields had been planted to pea in the year preceding sampling and were planted to wheat in the sampling year. The first field was located near Athena, OR and the second field was located in eastern Washington near Mt. Vernon. These two locations are physically separated by the Cascade Mountains. In all, 5 to 17 isolates were recovered from each individual soil sample, and 10 or 8 soil samples were collected at Athena, OR, and Mt. Vernon, WA, respectively (Table 1) . Soil samples were taken by walking on two parallel transects across the field and taking samples every 30 to 50 m.
Isolations, culturing, and DNA extractions. Isolates were obtained using the wet-sieving/baiting technique (26) . Briefly, a 100-g subsample of each soil sample was screened through a 10-mesh screen (2-mm opening) and homogenized for 3 min in a blender with 500 ml of sterile distilled water. The organic debris recovered was used to bait A. euteiches using the taproot of pea seedlings. A. euteiches was recovered by plating a surfacesterilized root section on corn meal agar. Isolates were maintained short term on cornmeal agar or long term as agar plugs placed in sterile water in screw-cap vials.
Previous work reported that single-zoospore isolates could loose pathogenicity or change genotype (25, 34) . To assess whether cultures were mixed or whether single-spore progeny changed AFLP genotype compared with parental strains, three to five single-zoospore isolates were obtained for each of five isolates. Single-zoospore progeny were obtained as described by Mitchell and Yang (42) by spreading zoospores on agar media and subculturing single, isolated, germinating zoospores cysts. Each progeny isolate for each of the five parental strains directly baited from soils was analyzed for AFLP genotype. All experiments were repeated three times with independent DNA extractions and polymerase chain reaction (PCR) reactions for all progeny and parental isolates.
To obtain mycelium for DNA extraction, cultures were inoculated with 5-mm-diameter agar plugs added to 100 ml of potato dextrose broth (Difco Laboratories, Detroit) in 250-ml Erlenmeyer flasks. Cultures were incubated at room temperature (20 to 22°C) for 7 to 10 days on a rotary shaker at ≈90 rpm. Mycelium was collected and blotted dry on filter paper followed by DNA extraction using the FastDNA kit (QBiogene, Carlsbad, CA).
AFLP genotyping. AFLP (61) was performed on genomic DNA of A. euteiches using the AFLP Microbial Fingerprinting protocol (Applied Biosystems, Foster City, CA) with slight modifications. DNA (20 ng) was digested and adaptors were ligated in an 11-µl reaction volume with EcoRI (5 U), MseI (1 U), T4 DNA ligase (1 Weiss U), 1.0 µl of MseI and EcoRI adaptor, 1.1 µl of 0.5 M NaCl, 0.5 µl of bovine serum albumen (BSA; 1.0 mg/ml), and 1.1 µl of 10× T4 DNA ligase buffer (50 mM TrisHCl, pH 7.8, 10 mM MgCl 2 , 10 mM dithiothreitol, 1 mM ATP, and BSA at 25 µg/ml) (New England Biolabs, Beverly, MA) for 2 h at 37°C. Restriction-ligation samples were diluted 1:4 with sterile deionized water. Preselective amplifications totaling a 10-µl reaction of 3.0 µl of restriction-ligation sample with 0.25 µl of EcoRI core primer, 0.25 µl of MseI core primer, and 3.25 µl of AFLP amplification core mix (Applied Biosystems) were performed on a GeneAmp 9700 thermal cycler (Applied Biosystems) programmed as follows: 2 min at 72°C; 20 cycles of 20 s at 94°C, 30 s at 56°C, and 2 min at 72°C; and cooling to 4°C. Amplicons (10 µl) were checked on 1.2% agarose gels (4 V/cm for 3 to 4 h) in 1× Tris-borate EDTA buffer and visualized with ethidium bromide and UV illumination. Preamplified samples (10 µl) were diluted 1:8 with sterile deionized water. Selective PCR was performed on 1.5 µl of diluted, preamplified product in a 10-µl reaction volume with 0.5 µl of MseI-CT primer at 5 µM, 0.5 µl of dye-labeled EcoRI-AT primer at 1 µM, and 3.75 µl of AFLP core amplification mix (Applied Biosystems). Reactions were performed under the following conditions: 2 min at 94°C; 10 cycles of 20 s at 94°C, 30 s at 66°C, and 2 min at 72°C (annealing temperature lowered by 1°C during each cycle); followed by 20 cycles of 20 s at 94°C, 30 s at 56°C, and 2 min. at 72°C; and a final extension for 30 min at 60°C and cooling to 4°C. Products (1.0 µl) were run with 10 µl of loading buffer (9.8 µl of deionized formamide and 0.2 µl of GeneScan-500 size standard) (Applied Biosystems) on a capillary sequencer (ABI Prism 310 or 3100; Applied Biosystems). Samples were run in a 36-cm µm capillary with POP-4 polymer. Samples were injected for 12 s at 15 kV and run at 13 kV for 34 min at 60°C. Electropherograms were analyzed using GeneMapper software (version 3.7; Applied Biosystems) to extract a matrix of presence and absence of alleles in a range of 100 to 500 bp after visual inspection for further downstream analysis. All AFLP analyses were replicated two or more times, including independent DNA extractions and PCR reactions, until all polymorphic alleles could be unambiguously binned. Data analysis. Population structure was studied by analyzing allele frequencies, gene diversity, genetic distance, clonality, and genetic differentiation. A multilocus genotype was constructed for each isolate by combining data for single AFLP alleles (23) . Alleles were treated as dominant markers and frequencies were estimated based on Lynch and Milligan's Taylor expansion estimate (30) . Of the 144 alleles scored, only 56 were retained for analysis after removing rare (<3% frequency) or fixed alleles. To assess the effect of clonality on our estimates of population genetic variation, analyses were conducted on a data set including all individuals and a data set including one member of each distinct multilocus genotype for each subpopulation (i.e., clone corrected) (41).
Nei's gene diversity , h also referred to as heterozygosity (44, 45) , was calculated to adjust for selfing. Nei's gene diversity is particularly useful given that it is applicable to organisms of different ploidy levels or reproductive systems, including selfing (24) . The ĥ was calculated in Tools for Population Genetic Analyses (TFPGA; version 1.3; Department of Biological Sciences, Northern Arizona University, Flagstaff) and adjusted for selfing by multiplication with (n -1)/n, where n equals sample size (45) . For n >50, no correction was necessary (44, 45) .
Cluster analysis was based on allele frequencies observed for populations or subpopulations. Trees were constructed using the unweighted pairgroup method of averages (UPGMA) algorithm from Nei's genetic distance matrix (43, 44) . Statistical support for phenogram branches was obtained using 2,000 bootstrapped samples using TFPGA.
Multilocus genotypic diversity analysis for the overall population and subpopulations distinguished richness, evenness, and diversity (22, 23) using SAS (SAS Institute, Cary, NC) as described previously (22, 23) . Briefly, genotypic diversity was calculated as Stoddard and Taylor's index G = 1/∑p i 2 (57) . G is dependent on sample size, because more genotypes are observed in larger sample sizes; therefore, it was scaled by the number of expected genotypes (g 90 ) estimated using rarefaction as described previously (23) where n i equals the number of observations of the ith genotype and n equals sample size. Genotypic richness (g n ) expressed the number of expected genotypes in a sample for given sample size n and was estimated using rarefaction curves (29) using an algorithm implemented in the C computer language, as described previously (22, 23) .
Population genetic structure was analyzed further by conducting an analysis of molecular variance (AMOVA) (10) using Arlequin (version 2.0) (51). This approach is derived from the analysis of variance framework based on Wright's fixation indices as defined by Cockerham (7, 8) . A hierarchical analysis of variance was conducted to partition variance into covariance components due to intra-individual, intersubpopulation, and interpopulation differences. Covariance components are used to calculate Φ fixation indices (63, 69) . Significance of fixation indices was tested using 1,000 nonparametric permutations.
To assess whether genotypes were related across the two populations, a minimum-length spanning network of all unique AFLP genotypes found among the 18 subpopulations was constructed based on Nei's genetic distance (44) using NTSYSpc (version 2.1; Applied Biostatistics Inc., New York). Module MST was used to calculate the graphing matrix relating nearest neighbors, while module MDSCALE was used for ordination in two-dimensional space.
To assess the relative contribution of selfing (or clonality) and recombination, we used two approaches applied to both nonclone-corrected and clone-corrected populations (36, 59 ). Both of these methods assume that all alleles observed have the same evolutionary histories under selfing or clonality, but that alleles from different regions have different histories under recombination. First, associations among AFLP loci were tested using the index of association (I A ) statistic (3) as implemented in the program MULTILOCUS (version 1.2.2) (4). I A is based on analysis of genetic distances among multilocus genotypes and calculates the variance of distances between all possible pairs of multilocus genotypes, which is low for recombining and high for clonal or selfed populations. To assess significance, alleles were randomly permuted 1,000 times among individuals. Second, the parsimony tree-length permutation test (PTLPT) derived from phylogenetics was used to determine significance by comparing the length of the tree of the observed data to the distribution of tree lengths of 1,000 permuted data sets (as described for I A ) (4). Phylogenetic trees were built from the multilocus genotypes using parsimony in PAUP version 4.0 (58) using an input file generated from MULTILOCUS. For selfed or clonal populations, the observed tree length should be significantly shorter than the distribution of tree lengths under the null hypothesis of random mating.
RESULTS
AFLP analysis. AFLP analysis showed extensive polymorphisms among isolates from the two populations and 18 subpopulations studied (Tables 1 and 2 ). In all, 56 polymorphic loci were obtained with the EcoRI-AT/MseI-CT primer combination with an observed gene diversity of 0.314 for the 187 isolates of A. euteiches analyzed. All loci were polymorphic at the 99% criterion and distinguished a total of 119 distinct multilocus genotypes. All 56 alleles could be binned unambiguously based on two or more independent PCR and electrophoresis runs. Percentage of polymorphic loci ranged from 5.4 for a clonal subpopulation with only two genotypes to a maximum of 76.8, and averaged 35% across all subpopulations (Table 1) .
Single-zoospore progeny. Analysis of three to five singlezoospore isolates obtained for each of five parental isolates revealed few differences among the parental isolates and the singlezoospore progeny. An example of identical electropherograms observed for isolate Ae02C5 and three progeny strains is shown in Figure 1 . In three cases, no differences were found among the parental and progeny strains. In one case, one allele and, in another case, three alleles were present in one or several progeny strains, but not in the parental strain. Thus, frequencies for polymorphic loci ranged from 0 to 3.6% for variation among singlezoospore progeny, which was well below the level detected for subpopulations from individual soil samples that averaged 35% (Table 1) .
Diversity within soil samples. Each soil sample baited harbored a genotypically diverse population. On average, we detected 7.8 genotypes out of 10.4 isolates sampled, showing that 75% of isolates belonged to a unique genotype (Table 1) . Genotypic diversity G ranged from 1.2 for a subpopulation with only two genotypes to 12 in a population where each of the individuals sampled belonged to a different genotype, and averaged 6.6 for all samples (Table 1) . Evenness ranged from 0.57 to 1.0 and averaged 0.88 and showed that genotypes were fairly evenly distributed (Table 1) . Gene diversity for subpopulations ranged from 0.013 to 0.359, averaging 0.119 (Table 1) .
Population genotypic diversity and differentiation. The Athena and Mt. Vernon populations had 70 (72%) and 50 (56%) (57) by number of expected genotypes g 90 to adjust for sample size dependence as described previously (23), E 5 = evenness (23, 29) , ĥ = Nei's gene diversity, also referred to as heterozygosity, calculated to adjust for selfing in analogy to unbiased expected heterozygosity (44, 45) , I A = index of association (3, 4) where *** reflects P < 0.001 based on 1,000 permuted data sets, and PTLPT = parsimony tree length permutation test (4), where significance level of PTLPT is based on comparison of length of observed parsimony tree to lengths of trees generated from 1,000 permuted data sets (4). unique genotypes out of 97 and 90 isolates sampled, respectively (Table 2) . Richness (as calculated for a sample size of 90 individuals) and genotypic diversity were lower in the Mt. Vernon population, whereas evenness (i.e., both G/g 90 and E 5 ) was similar in both individual populations and the combined population (Table 2) . Gene diversity was high across the two populations and moderate within each population, and was not affected by clone correction (Table 2) . Populations were significantly differentiated among populations, among subpopulations within populations, and within subpopulations whether analysis was done including all individuals or including clone-corrected populations (P < 0.0001) ( Table 3) . A total of 70% of the variance was associated with differences among populations and 22% with differences within populations, whereas only 8% of the variance was attributable to variation among subpopulations within populations (Table 3) . Fixation indices were high but were lowest among subpopulations within populations ( Table 3) . The significant population differentiation also was apparent in the bootstrap support and the genetic distance analysis presented in Figure 2 .
Comparative analysis of the clone-corrected and total population resulted in qualitatively similar results. Gene diversity, genetic distance, and population differentiation remained qualitatively similar in the clone-corrected analysis (Tables 2 and 3 ; Fig. 2 ).
To describe relationships among AFLP clones, a minimumspanning length network was constructed. With minor exceptions, all genotypes clustered in either the Mt. Vernon or Athena population. Multilocus genotype 61 was observed in both the Athena and Mt. Vernon populations. Genotypes 62, 65, 64, and 5 belonged to the Mt. Vernon population but were placed with the Athena population. Thus, genotype placement confirmed the significant differentiation among populations.
Selfing and clonality. The population of A. euteiches, despite being genetically diverse given the large number of multilocus genotypes observed, appears to be selfed. The tests for multilocus association (I A ) all were significantly different from zero (P < 0.001), revealing that there is linkage disequilibrium in all populations ( Table 2 ). The I A values ranged from 2.9 to 14.4 in the populations including all individuals and 2.6 to 13.8 in the clonecorrected populations (Table 2) . Phylogenetic analysis based on PTLPT revealed a tree length for the observed data that was significantly shorter than expected for recombining organisms for both total and clone-corrected data sets (P < 0.001) ( Table 2) . These results support rejection of the hypothesis of random mating and, instead, lend support to a hypothesis of selfing and the presence of a mixed reproductive system (asexual, selfing, occasionally outcrossing, parasexual, or sexual).
DISCUSSION
Our observations confirmed previous reports of moderately high genetic diversity in populations of A. euteiches at the regional scale, but revealed higher-than-expected genotypic diversity within individual soil samples (32, 33, 64) . Recent work using similar methodology studied genotypic diversity of A. euteiches based on AFLP analysis (64) . This work showed similar levels of genotypic diversity based on the Shannon-Wiener index (H′ ranged between 0.40 and 0.48 for different populations). The populations from Mt. Vernon or Athena were as genotypically diverse as were the global populations Wicker (64) analyzed. Our study shows that, at the level of the individual soil sample, approximately representing the soil volume a typical pea plant might explore, there is considerable genotypic diversity given that, on average, 8 of 10 individuals retrieved from a soil sample were of a unique genotype.
Populations of A. euteiches in Athena and Mt. Vernon were significantly differentiated both at the regional (among populations) and field (within populations and among subpopulations) level. In fact, only one genotype was shared among the two populations. Malvick and Percich (33) previously had hypothesized that most genotypic diversity in U.S. populations in the Midwest and Northwest may exist within localized populations. Our sampling allowed partitioning of variation among populations (70%), among subpopulations within populations (8%), and within subpopulations (22%) ( Table 3) . Thus, most variation was seen at the regional scale, yet considerable variation was present at the level of the soil sample. To ensure that the high levels of genotypic diversity observed were real, care was taken throughout this study to score only alleles that could be replicated in independent PCR and electrophoresis runs. One question raised during conduct of this work was whether it was really necessary to obtain single-spore isolates to investigate population structure. Malvick and Percich investigated genotypic variation among single-zoospore progeny using RAPD analysis (34) . This work was based on progeny derived from three parental strains. For one of the strains, all single-zoospore progeny were identical in genotype to the parental strain. For the other two isolates, polymorphic bands were detected at low frequency. Our work revealed a similarly low level of polymorphism among progeny and parental strains. If rare alleles are removed from the analysis, it appears that single-spore isolations, which are timeconsuming, are not necessary. Work by several laboratories indicated that isolates from single-zoospore progeny of oomycetes can show changes in phenotype and either show the same level of aggressiveness or lose aggressiveness relative to the parental strain (1, 6, 34) . Thus, it appears that basing pathogenicity studies on single-zoospore progeny would have the effect of underestimating pathogenicity of the field population. Given these considerations, the need for single-spore isolation for population genetic studies evaluating differentiation using molecular marker data might not be necessary for A. euteiches given the considerable degree of genotypic variation observed in the overall population relative to single-zoospore progeny. This is in agreement with studies of other oomycete plant pathogens, where it is common practice that an isolate derived from a single, discrete lesion is considered to be one individual (11, 14, 16) .
Several considerations could explain why novel alleles are or are not observed in single-zoospore progeny. First, not all primer combinations might result in detection of variable genotypes. For example, Malvick and Percich established that some of the RAPD primer combinations did not result in detection of polymorphism among parental and progeny strains. Our AFLP work was based on only one primer combination and resulted in 56 scored, polymorphic alleles. Second, technical artifacts such as mispriming, particularly in RAPDs, are known to be sensitive to experimental factors. This does not appear to be the case in the work conducted by Malvick and Percich (34) because extreme care was taken to assure reproducibility of the work. Although bands varying in intensity were detected, these were not included in the analysis. These authors carefully replicated all RAPD analysis of progeny strains with genotypes differing from parental strains. In our work, all AFLP runs were independently replicated two or more times until all alleles could be unambiguously binned. Third, variability in single-zoospore progeny does not occur at the same frequency for all parental strains. At least one parental strain studied by Malvick and Percich (34) and by us did not reveal a novel allele in its progeny. Fourth, the mechanism involved in creating novel alleles is likely to be a mutation affecting an EcoRI or MseI restriction site or fragment size variation due to point mutations.
This study provides strong evidence for selfing, but inferences about the degree of outcrossing remain less convincing. Shang et al. clearly demonstrated that A. euteiches can reproduce via oospores through either self-fertilization or cross-fertilization (53). In our study, gene diversity in A. euteiches ranged between 0.2 and 0.3 for clone-corrected populations and, thus, was quite similar to outcrossing, heterothallic oomycetes such as Phytophthora infestans (at the center of origin) or P. palmivora, but considerably different to that of homothallic Phytophthora spp. that typically have observed gene diversities (i.e., heterozygosities) below 0.06 (11, 15, 21, 22) . The homothallic oomycete Pythium ultimum has been shown to outcross at rates of 1 to 10% in oospore progeny of controlled laboratory crosses (12, 13) . In controlled crosses with A. euteiches, Shang et al. established that only ≈5% of germinated oospores were hybrids, whereas 95% percent were selfed (53) . In this study, index of association (I A ) and PTLPT confirmed the genetic isolation between the two populations and within subpopulations, showing that selfing is in effect. Work by Wicker also showed evidence of selfing for A. euteiches populations in France based on I A (64) . The signal for selfing might derive from reproduction via both oospores (selfed or recombined) and clonality via zoospores (asexual).
Which forces, then, explain the variation observed in A. euteiches populations? The occurrence of sexual recombination has been described for controlled crosses (53) and is likely to occur in the field, although probably at low frequency. A significant signal for selfed reproduction via oospores was detected. One multilocus genotype was shared among populations and four genotypes were assigned into a geographically distant population, thus providing evidence for migration of individuals. Yet the data presented here, showing that there is considerable genotypic variation even at the soil sample level coupled with significant population substructuring, provide circumstantial evidence that outcrossing and migration occur, albeit rarely, and contribute to genetic diversity and population differentiation.
It appears that the model best describing the population structure of A. euteiches is a variation of the epidemic model discussed by Maynard Smith et al. (36, 39) , where occasional outcrossing via ("non-selfed") sexual recombination provides for allele richness, but selfed recombination via oospores or clonal reproduction via zoospores results in the linkage associations observed. This is similar to a population structure due to mixed modes of reproduction or mating that include clonality, selfing, and recombination as observed for other fungi and oomycetes (2, 5, 15, 17, 21, 22, 35, 37, 38, 40, 47, 60, 70) . As a result of the soilborne nature and the lack of a mechanism for routine long-distance dispersal, A. euteiches can outcross only with highly localized individuals from the same "genetic neighborhood" (68) due to isolation by distance. This neighborhood likely is located in the same agricultural field or local ecosystem. Given the rare, random mating within neighborhoods, and the diffuse spatial boundaries to these neighborhoods, the population appears to be inbreeding and at linkage disequilibrium.
